In situ measurements of hydrogen, nitrogen, and chlorine radicals obtained through sunrise and sunset in the lower stxatosphere during SPADE are compared to results from a photochemical model constrained by observed concentrations of radical precursors and environmental conditions. Models allowing for heterogeneous hydrolysis of N2Os on sulfate aerosols agree with measured concentrations of NO, NO2, and C10 throughout the day, but fail to account for high concentrations of OH and HO 2 observed near sunrise and sunset. The morning burst of [OH] and [HO2] coincides with the rise of [NO] from photolysis of NO2, suggesting a new source of HO_ that photolyzes in the near UV (350 to 400 nm) spectral region. A model that allows for the heterogeneous production of HNO 2 results in an excellent simulation of the diurnal variations of [OH] and [HO2].
Theory and Observation
We focus on flights of the ER-2 from Moffett Field, CA (37.4°N) on 11 May 1993 (930511) and 12 May 1993 (930512) at -19 km altitude (-65 mbar). Concentrations of N20 and O 3 were nearly uniform from before sunrise to mid-morning on 930511
and from mid-afternoon through sunset on 930512 ( Figure 1 ). Air parcels with values of [N20] between 240 and 260 parts per billion (ppb) and pressure between 64.5 and 69.5 mbar were selected for analysis in this study.
Inputs to the photochemical model are given in [Pitts et al., 1985] . Most of these studies have focused on reactions involving N()x and H20. Production of HNO2 in the stratosphere by a heterogeneous reaction involving NO2 could explain the rise of IHOx] at sunrise, following photolysis of HNO 2 formed throughout the night. However, this process would have to be slow to limit production of HNO2 during the night to -10 pptv, and therefore would be unable to produce [Michelsen et ",tl., 1994] shown here suggest that rates for chemical loss of 03 by cycles involving HO_, are probably more rapid than previously believed [Wennberg et al., 1994] .
